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(57) Abstract: A semicon- 
ductor storage comprises a 
semiconductor substrate (11) 
of a first conductivity type, a 
gate insulating film (12) and a 
gate electrode (13) formed on the 
substrate in this order, and charge 
holding portions (10A, 10B) 
respectively formed on both sides 
of the gate electrode (13). First 
and second diffusion layer regions 
(17, 18) of a second conductivity 
type are formed in regions of 
the semiconductor substrate 
(11) which regions respectively 
correspond to the charge holding 
portions (10A, 10B). The charge 
holding portions (10A, 10B) 
change the amount of electric 
current flowing from one of the 
first and second diffusion layer 
regions (17, 18) to the other 
through a channel region when 
a voltage is applied to the gate 
electrode (13) in accordance with the amount of charge held in the charge holding portions (10A, 10B). The charge holding portions 
(10A, 10B) have a part located below the interface between the gate insulating film (12) and the channel region. 
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mrfimnsi 6 1, i6 2it^ h#&^jgii i 4<Dmmkm*m\zm 
mztii±ia&*ttzmffifmmfr£ttz.k. w^&z-zk, masnmni 6 1. 
1 6 2^*5(t5if^i©±ii!)s > hmmmi 1 4e>_t®a>?>^bVN!i 
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MrW-mat, 0i5^ bfc «t o \c nffiunn 1 6 2 <Dtf«#i 1 4 2 b 
5 -fun 1 4 2 ^*3v>t % ±mmffi&ftm 142b n4i 

«ffipfiy#»l 6 2fKl, y-h^i®l 1 4*ffi^Wmf5&«ffir»i*fflll 4 2 

y y w& 171 x<D&mm <r>j&& $ tt^i- $ z^mzmm-t %> % t> 
10 v^te^y$m&*#<^5-£2 s -r*#5 0 *7c, m#«:^i 4 2 bS:^— 

hi^i^l 1 4^®^B&5pff^-t-5-«k^«tt)s t7tyM (Wl) /^fc£b 
f^bo#$r«i$iJi-5r.^^-T?^5 0 m#^M 1 4 2 b <D_L$P^IrI^O 

15 nri^So 

$ bK, itmi 6 1. 1 6 2fi, hJ&gtfgli 1 4 0>*ffii£l» s Ffrfc 

itffliii4 2bi:ft^ni oa***/^*© tzmxzffimm m*. 

tf h V y 3 i'SHUR 144©5 t>*-:7«fe y hm& 17 1 -Logfcfr) Sratr- 1 & 

lv\ r. om^fi. m 1 1 ^ b*:^ * y *?t?r±, y =» ywui 1 4 1 % 
20 14 3^*5wsy— b^j^i 1 4 (Dmm t m&w^^^^-r So r^m^ 

433, m##^ 14 2b ^^JS^rpS-t-S h 1 t> fc> «fflf«KM5l l 4 2 b T 

ontei y = i^kd? ■h^y^ v mh$c 171 _Lo$fcso <^jct 

25 Ir-^l^t5 n k K <t t> . aNWfcfflK ill <^3c®;^ £> mffi&WWk l 4 2 b 

tm&&& 142b r©i&i«©*/hiiwtta> . - <owm$&<DWz*mmm. t m 
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5 r (D^i^^i© ^ ^- y m^Ftz, wm&wu i6i N i6 2^!)3 ^mtm 
cmmmm 142^ ig 1 e ^-t-«t 5 ^ N m&^-^^-e, 
1 1 4<D$mk&mT\zmwi£**>ittoft m&i 8 d > sszw—Ynmi 1 

7 {111® £ if&Wfl-ffig $ tifc1$ft (1^18 2) Sr^U-CVN5 0 

tf—vmmi 1 7 t-iEmEEriSM £ nr^^f±, mmuwm 6 2^wm 

10 8 3©J:5te* ^y=i^^bmi4 2Sr2IaJ3ijgi-5 (1^18 

2(£>iiig+fg$ei 8 loiii©) o h&Si l 7tc^mffi^*P$ttfc 

m^om^^^fRi # ttmTF&jj&i t terns t 
r r -e % y =i ^mtM 142 oit^m^ft^i 6 t) „ vya ^<tsm 1 4 

U 1 4 3<Dttffim&\&ffi4-1?hZ> 0 UdSoT, m#^F^l 6 1. 16 2(1, 
15 mm 18 1 fc*BS-*-«^HB«ffir»Kp»l 14 2a (Dfy&frfe-tZW&k U t>> tt^C 

20 ^^yi^m^, #m^si)W^mw^y =^^1 4 2^^A$tt 

fc&T'&So Lfc^ot, ->y nyifbll 4 2#flB«l 8 2 SrgtK: 

m&zjwmicmmmi 6 2fc^&*Lsm^a s *t*nu wft^jK^^*: 

25 v y =i ^mitm 143 <dihs# t> v y ^m*? & o itm&^ o * 9 N 

^ y = yafljs (m#^iBD h mmm 114 ©arasa* & $ ij:*3v vr 
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mffi&&Wk (^i8D t^^si^m, (xn^^^mm t&mxzumm 

(iX ]} 3 ^mitB: 141^)5 *>^-7i? y ffcHB 17 1 ±l<dU#) ^tpr £ asff 

m##*#SB i6is i62H:,^ vmm 117 hmu 117 

y 3 ^flslg i4l©5 MH117 \z&l,1tm&) Sr-^tf i i: U 
v\ £©|fi»Rfc:J;»!K ^-MBi 1 7 36^«fflffiM#JK Oy=»^bJ&i4 
2) -tf^^A§nTi^^W5ffct5 ^ £: SrBfcit U ^^Pi^ 

yMi 4 is 1 4 3^*5ttS«ffirfiM*Ki 4 2 £r¥#teS®Ei 1 l 

P = ^^ffcJBS 141^5 i^^i? 5/ fMc 17 1 _L<DgB#) <D)gU?£r— 

:^ $e>^!)a v^tm i4is 143 Kiasrt 3v y =* I'Stf b 

JUl 4 2i^blftl 1 7 b(Dm<DW£ (VyayKflJlHl 4 l©H^~b 
(Hlfe©^S4) 

ro^JSO^Ws hWMl 1 7s «#$M$gfll 6 Is 1 6 2:fcJ;t*y 
-^/KW^SafclfflKK (*tftWl«#i 1 2s l 1 3f^Sggf) *WoMikVt"* 

iai7 ^-t-y* * y ^^*5v^Ts a^-y^/^^ir]o^— Mit, b n 
cfe^*A^xmz-*3*-tzmM&&ui 6 is 1 6 2<D^tim<Dvm&7M- 0 

£ib\£C te^xfflR\zwtmt- 5h C fis -#<z>ffi«iM$g& i6i©vyny 
HfbJili 4 2 OlffiNRttMD Miii7 hmti>X^Z>W<o$m 
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5 mi&(D o *>, i^mn 1 1 7t<d^ (&mw.Wfci 1 1 tootsy- 

1 1 7£<Z>**fR]^) (V-^/KW^^) 112, 113t 

tf^Kite^irs/ 7 l^-f-5 o B<C"C*>*tWf > m^fiMfSPl 6 1, 

16 2 (i/DaylMl 4 2) fc»»3;ixfc«flffc: < fc IK 7 

*yts ^-hmi 1 7ic»uT*tfwwH* (y-^/Fwy«) 112. 

Qffil 1 7^mHtrTObfc^#©^-7-fe5' Mg*&l 7 l^^^b^-r^^ 
*?Nfcf#g|5 161, 16 2 KW$M£thfrm$tm- «fc o t^:# < £fb U * * y Sh* 

^^m^SI^^^T, a^-fey fM*lSi 7 1 te<&T L^#3E-r5;&^te 
ftv\ i-ftfr-ib, t7ty Mil 7 l^t^v^l^v^t), *£fcji«B 

*&1 1 2, 11 3©WftWt^|:|lttl^ 6 1, 16 2 

(v- y =1 ^Ma* 142) masv vc * * y u#* o 

20 ^±©^P>^f)^J;5^ A~Ctf>|18^te, A<B<CT*&5<0tfS*t> 

25 El l 1 ^ Lfc^ y m^i: 

&btt<D±\ZSO IB 1 8 9 2^/&$*VCV^„ SOI118 9 fttCttttftfll 
fgi$l 12,11 3*m$,tsn, *tl&&<DW&t±tf? s >(Gl&'l 8 7 ir^oW 

So 
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*m-tz>o $ mmmm&i 12, 113 i^i^is 1 t<o8&mm 
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5 (»fffi6) 

M<om&2 (gin) k&wc, &mJiig*£ (Ni©y^/Kwyw 1 

12, 11 3 0f^^HW«tt, PSSli^il 9 l&jt*tlb-CVN£o 

siffiftaMfi 191 mom* 1 9 2 m*s nz> PM^Z-tttmimg. & *>M<te 

oTV^§ 0 PMffift&MU 9 i|:fclt5Pl©«ISlt 09*.tf. 5X 
1 0"~1 X 1 0 19 cm- 3 a^^3i^T$>?)o IS^l 9 2©Pl®^iI 

Sfi. #ij;tfc£, 5X 1 0 16 ~1 X 1 0 18 cm- J i:t5r tmS. 
15 P&ffife&MU 9 lfcKttS teti«U2, 

113 £¥-3ii#:SjSl 1 1 b(DW£ti>K Mfim&fai 6 1,16 2<d!lTT'^ 

^itl-i-S-ir^BTIgt^^o il(19 2©^j|g«:JtlS[WiV^ 

£fc, mi 9 KtjH-J: 5 lc, *HJ#S« 1 l no*, &guitttt (y-*/K 

W>lH*aQ 112, 11 3i£^T'fcoTm»M$m 6 1,16 2 £ ©*HfiJ«& 
(y- Mil l 7 t^lRjfp-CfiJfeV^ lc, P&ffitt&MU 9 1 SrlRJtS^ 
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pMmm&mmi 9 i^-Mii i 7<dw:t (*nt#s&i i i\z&vz>7 

-Mil l 7 k<Dtt\m&) M 5 W&Klk^xm b < v\ mffi&Wm 6 
1,16 2 ^#52^m# ( V 7 * ^N^t^/HOi^filf) b 

-2f, m#^SPl 6 1,16 2fc:+#&M*®$f (b^v^^N^^ 

^m<d^^je?l) ^^^tbfc^fi, hvi/vxf&fck vxomm-Zs ? 

#b£^— ^iZ^B^H^te, Plliig«i 9 

*#frf£P£rg:tt5o «toT, PM^^ilgl 9 l%Wffifc&1$l 6 1. 16 
2©T (¥^#S^1 1 l^*3ltSmW^SPl 6 1.16 2£<£>*tftglS) 

o -rtwftjpw (y— ^/k w^nsisS) ii2 % 1 1 3aa^iflg-r6i^^ 

(Hi£<£7£1§7) 

^oHJS^S^^ * y OHTffciBtt^g) J*, IS 2 o ^-TJ: o fc, H 

m<Dmm2 (si i) kl&iv-c, «?«f««FSPi 6i.i6 2<^m8^M^m (vy 

M14 1) <Dff£TlrfS, >^-ha^l 1 4«T2 £9 fcf<^ot 

v^ D ro^gw*, iai i^L^^^y^tiiww^pi^i©^s:^r-rs 0 

J?$T2fcttTI«Me^#fei-S. ba>bfcflS£>, Sffir««r»i 6 1,16 2<^a 

1 6 2<Dmffi&&m (vy ^mumi 4 2) ^^^^xti**/^***: 
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5&^fc> ^fbJgl 14 1 tf>J¥£ T 1 f*^— M&P$I 114 <DWiS T 2 
16 1. 16 2©Ifi%M (VP aytftll 4 2) fc^^/MKflcXW:** 

/i^^ir^RSTSm^lSI (^y^^wi 4 1) a*^- bm^l 1 7 t^-Y^ 
/^fa^cX^i^^>'^B^i:^*H-cv^^v^^:t^5 s mmm (VP =*:/^fbJgli 4 
1) <Dj?^Tl^g*^i^<-r5*R^SSi:^oTV^5 0 

^^p*^Ws mmm (vp=«^fiMWi4i) ©ff$Tisr*<i-s-^ 
ia?), tHBrfiy^tti e 1, 1 6 2. i-?&t>*>«ffif»«NR (^y=^aii 4 

£ i^>-e s m$f&W1$ 16 1, 16 2 ^-C<D«^ilftttH EI 1 6 18 4 

-C^bfcfc?^ VP 4 2%iI5®bftv^V^t>(E>t>fc5o iO<£5 
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— 3u *mM<D1&M<D?i *r y mi-<o £ 5 9 s y = ^{bfl^ l 4 l oJ¥£ T l 
Silll tei£<5 < <z>T*) % mMJlffit 1 8 4 fri/ V =» ^teJH 14 2 5 

.tsiofc*. ^ett^xL. 8 4^ofcm^i^$P c J i ^^^it^m 

5 < ft 19 s 18 4 <fc V) /J> $ < ~r 5 z. t &x«% 

n mU±X&>& Z.b&£Y) LV\ 

«£\ TFT %mW}-f-5 fcfcl^ ^ 1 5 ~ 1 8 VCDW^.^^ t 

;*^y O^y**) «riHfcL;/y§£\ #3891©*^ y ^T^y- h»ll 

hmm-0: (17— FffiM) 2 5 0nm<Z)^^!Jt;H^Ut, 
25 Tl = 2 0nm s T 2 = 1 0 nmtWI«T^> W&l&fiHDBk^* * 'J *fc 

* «t 9J¥< Tt)lft^/««t*v^ft[i, hm® 1 l 7 l^lt 

igmmmMt (y-vpwvfW) 112. 11 3^7*5/ bLTv^fc*?> 
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m<Dwm2 (am fc*3wc, if^i6 1, 1 6 2oitw (^y 

^fc)lfll4l) «T1^ y-bm^Ml 14<Z)Jf:$T2J:'9t>ff<^o"C 

v>^o r^^f*. mi uz.^rz.**i)m*tm%M^mu<o&&*^irz>° 

mkitbz (^-hffi&mi i4<Dmmk-t>mnvtcki*) v-hmmmi 
i4<Dmzt ttifw & v ^ ^mtm 142) t ^*^$cx 

y 3 >mtm 141) off $ t 1 ^*ti-5i2ff-tf> £ fc^^s***. sft- 
^fcii 9 , m^^$P i6i, 162 <z>m#^i^ ( v y 3 ^flasi 142) 
^ */vmmju* v ^/^m ^ & rax 5 (^^whd i)\ 

vy ai'lfeffclSli 4 i<DW-1STi*?<-YWmB:i 1 4©H$T2±!) %ff<i~ 

H&|5ai^ (i/!)^^«14 1) (Dff$TlSrff<-t-§ri:^J:«9. m^f 
m$Ul 6 1> 16 2, tmv'Dayiftlll 4 2tC#^£Hfcffi#3S1i!i:& 
-t-5<£>£B&#\ ^^y^^i4^#-rsr^^Bitgi;^So Ufc^oT, T 
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Mi^Mt, swa«a*w*^- b^^m-r^y- biSfe^i 

^^tt^^y-eii^'fb^fflMT'fcSo ^-b> ITRS (International 
Technology Roadmap for Semiconductors) Kl<fc*U£x WoM^f— h &(D$$ffl4kfe 

*3K*4>MM>;t * y jtfFCHu ±fc Ufc J: 5 fcT l t T 2 trWJKiK! 

(!7— KIWI) 4 5nm©^*!Jt/H^UT> T2 = 4nm. Tl = 7nmt 

f^Lt, imimn (y-* • kwvwuo 112. 11 

ffcli&tt (y— * • Kwyil) ii2> 11 z&jry^v m^o^s*:*, 

1 6 2<D±mz-m&, m&%w®)irz > nM~ftet>'hv s ~ vmrni 1 7aq»ufc 
(i^y ayiftHH 1) ict** m®i 1 7^e>«t&iRimiS^5 
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m^&wftvmn i6i, 1 6 2 (^n_h. 021 ^^s#rs 

#-^Sr^fflc SAT. mm) «P©l^fi«tfctt^ KW^ii (Id) 
bmJE (v g ) ©#14 (HSiMii:) ^t^7 7-efe5, ^*5> z.<omw<v 

m* (DmwmK&ft s m 2 2 ^ $ ntc t> © t 

mm (vg) ^ft*s^iSiv>«^jc33v^t>x m^mtm^^mx(Dv^> 

WMit&jz^ < ftoTl^o #JxJ^ Vg = 2. SV^^Tt. «8ffittiW:2*f 
JgUiSr'&o-CV^,, r£>#{£te N 77J/^^*y©i^ (El 2 3) t^<m 
£5. r(Di5^»ffiHt 1 7 £i£iWi^cl 12, 113 

%m^^F§Pi 6is i 6 2T ONIfrg&i i lfcasrtSWflffiMStti 6 i N 

1 6 2<dmirj§i5) hmmi 7 i\£tefcmm&M&xx%i,z.<^®M\z- 

g £ < ft 5 JSC E £ ft o W 5 0 



WO 2004/034474 




CT7JP2003/012S83 



29 



ff* Uy^a }V YW&X<T> I d - V g $$k<D&% < \ *voRWfi^±©« 

20 09*.ti„ i'lla^ ^/l^—^ A^<7)tc#^^ G a A s N InGaAs, Z 

n S e 2$<Dit&Vd¥-mmz £ § S O I W&3U?&m S O I g«^<P«* O 

gjg x tf9x*7?x^iy?^±^m&m&^zw&m^xh£\t\ ft 

r ;* <d v vftb-Cfc o T t> <fc v \ 
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•m&£tix^xh£\<\ Kiss m^ftmrnm*. locosi, hw?mc 

##*LV\, M6S»K^ 0iJ£fc£> l-2 0nmg|, L < 1 ~ 6 nm 
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h<omm^it-th(otvx^ vp ^^mm ; vp a^ ; p ^ asvismn 

h\ ^as^tw h\ *^/M-3r1M Y%l><fi>%mWfc ; Steffi 

nm&mtts w*.&. ^p a ^^^sr^trf®^^ ; mmm* b < w^m* 

25 «p UC < im Mill > P a l^mtm^ K y h#^#iSc bTV^ r t aw 
£bV\ 
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«#©-*BWu ^-MiiHt, Wfflffifc(Z>'J>'t£< bb^-to&m&t&Z 
5 S{-0^$^TV^^OA^J^0 2 4 ^^-T„ m^f^§P 1 0 A, 1 OB© 

ttHfcicwu mx-tiw y^y= yxf47*^7 e> * ^^mts^f- 

-f5 0 i©it^ttfttt^fraftiirt (ii5 7, 5 8) fch&Wt-rz* r 

10 <D*§-a\ y-*«B (Jbsv^itKWiHi) wu ^^^52^5 

7 (fc5V^5 8) fca>e>*ffc 3*1,5. Ufc^oT, y— * • KWy©^ 

±ibo «£ 0 tsm&rztts y — * • k w >«fefl««K 57, 58 & 

15 m^-Jfc^T. y— * • KW^tlJKasffSSrJlH-nfcfcftSfc^ y— * • K 
i«3fiJz:i-Sri:*st»#6o * fc>fc* fcW*©?^ K#*~ ^5 2^y ixy 

xter^y r * f y =* ft 54§£\ jsK y ^ y = ^jLt&rw? 

20 fcffifcT^v^i^ l»i§y-^ • FW>«W»rtoWc, «Jfc5 7, 
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1. (11, 111, 111a), aNIfrStRrt^Kttbtbfc^*^ 

(7i, 18 8) ±\zmm£*itz.¥mftm (72, i89) © 
?%m^irnfai^frbt£zmimnM<?>¥mft$m (11, 111, nia, 

7 2, 1 8 9) 
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14 a) £ N 
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20B; 161, 162 ; 162a) £ N 

t£m2mWM(Dmimm& (17, 18;5 7, 58; H2, 1 1 3 ; 1 1 3 
a) 

JblB^l^r^J^P^aS (10 A % 1 0 B ; 2 O A, 2 0 B ; 1 6 1 , 16 2; 162 

a) ±wmffl*mii¥z^£fritmm<o&mK:j&Kx, ±m^-vmm a 

3, 117, 117a) lcm&.%mulsfz.££iz±m?- J r*/i^M (3 1) Sr^ 

JblBH^f^:^^ (10 A N 10B; 20A, 20B; 161, 162; 162 
a) <D— gffte> ±mf?~-hffi&m (12, 114, 114a) t±JR^^/^R 

i|(3l) b<Dftm£*)i>T\zm-ZZb&fflkk+Z¥mmsmZBio 

2 . fflfcfSB l tefB*fc©^^1S^ftfc:*5V^ 

E«#»»»OftT«PSrji5BSi:©B0lf (D) &2 nm~l 5 nmtifeSi 
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3 . m&m i i^m.<D¥mm?,mmm\z.&\,^T, 

ztim&ft'tzfs i commit as, 22, 142, 142a, 

14 2b) 

W (14, 21, 141, 141a, 14 4) t t %W&k-fZ> 

10 4. ft^3{^:|B^O^flc|3te^S^^V^-C. 

15 JbfBm^^{^ m#^^S^|g^r^i-6^1o»^ (1 5, 2 2, 

142, 142a, 142b) t N mi <Dmmmz&wzthtz.mffi<Dwm&m<* 

mZ% : %~t-Z > %i2iS£X*m3<D%m{fc (2 l, 23 ; HI, 14S ; 141 a, 
143 a ; 144) 0 1 2 <£>if&^#: £03 <£>«&gkflc t \ZL 
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